Objectives: to establish the reliability of the modified Ashworth scale for measuring muscle tone in a range of muscle groups (elbow, wrist, knee and ankle; flexors and extensors) and of the Medical Research Council scale for measuring muscle power in the same muscle groups and their direct antagonists. Design: a cross-sectional study involving repeated measures by two raters. We estimated reliability using the k statistic with quadratic weights (Kw). Setting: an acute stroke ward, a stroke rehabilitation unit and a continuing care facility. Subjects: people admitted to hospital with an acute stroke-35 patients, median age 73 (interquartile range 65-80), 20 men and 15 women. Results: inter-and intra-rater agreement for the measurement of power was good to very good for all tested muscle groups (Kw ¼ 0.84-0.96, Kw ¼ 0.70-0.96). Inter-and intra-rater agreement for the measurement of tone in the elbow, wrist and knee flexors was good to very good (Kw ¼ 0.73-0.96, Kw ¼ 0.77-0.94). Inter-and intra-rater agreement for the measurement of tone in the ankle plantarflexors was moderate to good (Kw ¼ 0.45-0.51, Kw ¼ 0.59-0.64). Conclusions: the Medical Research Council scale was reliable in the tested muscle groups. The modified Ashworth scale demonstrated reliability in all tested muscle groups except the ankle plantarflexors. If reliable measurement of tone at the ankle is required for a specific purpose (e.g. to measure the effect of therapeutic intervention), further work will be necessary.
Introduction
Spasticity is defined as a velocity-dependent increase in muscle tone with hyperactive stretch reflexes [1] . It occurs in disorders of the central nervous system and can affect up to two-thirds of patients with stroke [2] . Impaired function may be a combination of spasticity and weakness in the same or antagonist muscle groups. In order to measure these factors clinical scales are used.
The accepted clinical tool used in measurement of muscle power is an ordinal scale, the Medical Research Council (MRC) scale [3] . This was initially developed to assess lower motor neurone lesions, specifically peripheral nerve injuries sustained in wartime. However, it has also been used in upper motor neurone lesions, including stroke [4] , although its reliability as a clinical tool in this context remains unproven.
While there is no validated method of measuring muscle spasticity per se, the most widely accepted clinical scale to measure muscle tone is the modified Ashworth scale [5] . Originally, Ashworth described a five-point scale which assessed tone of 'the limbs' [6] . This was later modified to a six-point scale, and interrater reliability was established in the measurement of tone in the elbow flexors [5] . Subsequent studies have also shown good inter-rater agreement of the modified Ashworth scale in measuring tone in the elbow flexors [7] and in the wrist flexors [8] . However, the inclusion criteria used in previous studies make the results difficult to generalize: problems include exclusion of those with cognitive impairment [5] and exclusion of patients with 'known' spasticity [8] .
The modified Ashworth scale has proved less reliable in the muscle groups of the leg [7, 9] . This affects studies which have attempted to assign a global spasticity score by combining these potentially unreliable upper and lower leg measurements [10] .
Bohannon and Smith [5] established inter-rater reliability. However, intra-rater reliability is important in detecting changes in tone occurring over time. Few studies have examined this and some of those that have are of questionable methodology [10] . Similarly, applied statistical tests have not always been appropriate, in particular those which do not allow for chance agreement [11] .
In determining agreement between and within raters on an ordinal scale, perfect agreement can be estimated using the k statistic, which accounts for chance agreement [12] . k is calculated by counting ratings of the same score as agreement and different scores as no agreement [12] . Weighted k has been suggested as a method of taking account of the extent of disagreement: a difference of 1 point on the scale is no longer disagreement [12] .
Aim
We designed this study to assess inter-and intra-rater reliability of the modified Ashworth scale when applied to the elbow, wrist and knee flexors and to the ankle plantarflexors, and of the MRC scale when applied to the above muscle groups and their direct antagonists. Inclusion criteria were to be well defined, use of the clinical tools standardized and procedures governed by written guidelines.
Methods

Subjects and sampling
We included patients admitted with an acute stroke, surviving to and still in hospital at the study start date. Subjects were on one of three wards: the acute stroke ward, the stroke rehabilitation unit and the continuing care facility. We obtained informed verbal consent. The only exclusion criterion was non-consent.
Procedures
We recorded basic demographic details comprising age and sex. Data pertaining to the stroke, comprising side of hemiplegia and time from onset of stroke to assessment, were also collected.
We assessed subjects at the specified joints (elbow, wrist, knee and ankle), first for tonal abnormality using the modified Ashworth scale, and then for power of the agonist and antagonist muscle groups using the MRC scale. We made each measurement three times after a rest period of 30 s and recorded the optimal score (i.e. lowest modified Ashworth and highest MRC score). We counterbalanced the order in which the patients and individual joints were assessed. We took a pragmatic approach to ensure order compliance in that for each patient we produced an assessment pack containing testing sheets with predefined joint assessment order. We assessed each subject at about the same time on two consecutive days using two raters (A, a research medical specialist registrar, and B, a research physiotherapist), with a 10 min rest between, and in a defined pattern (Table 1) . Once an assessment had been performed by one of the raters, we removed the assessment sheet to ensure that the next rating would be performed without access to previous ratings.
Where possible, patients were assessed seated in a Wolfson stroke chair with the relevant joint positioned by the assessor (as outlined in the Appendix). Where limitations applied, we made a record of the examining position used (e.g. lying supine), so that this position could be reproduced by the other rater when testing. The ambient room temperature was similar in all test areas (Ն 20ЊC) and we discreetly removed clothing to expose the joint and allow the muscle group the full range of movement.
A detailed description of the procedures for the measurement of tone and power can be found in the Appendix.
Data analysis
We calculated agreement between raters using the k statistic. k statistics with quadratic weights (Kw) [12] were used as we felt that a difference of 1 point on each of the scales would not be considered clinically significant. The results were interpreted as suggested by Brennan and Silman [13] .
Results
We included 35 patients. The median age was 73 years (interquartile range 65-80). There were 20 men and 15 women. The median time since stroke was 40 days (interquartile range 19-78). Eighteen had right-sided hemiplegia and 17 had left-sided hemiplegia. The data demonstrating agreement between and within raters are summarized in Tables 2-5 . As can be seen from Table 3 , only moderate interrater agreement for the measurement of tone in the ankle plantarflexors (Kw ¼ 0.45-0.51) and only moderate to good intra-rater agreement for the measurement of tone in the ankle plantarflexors (Kw ¼ 0.59-0.64) was demonstrated. As there is a relatively small range of movement at the ankle, it may be that the rater cannot distinguish between several grades. However, they may be able to determine whether there is tonal abnormality or not. Values for tone were therefore re-coded to allow comparison of normal tone with abnormal tone (i.e. 0 against 1-5 combined) as a dichotomous variable. We recalculated agreement using the unweighted k statistic [12] . The inter-rater agreement remained poor (k ¼ 0.17-0.21). Similarly, intra-rater agreement was poor to moderate (k ¼ 0.33-0.46). 
Discussion
These results show that the inter-rater agreement for the measurement of power was very good for all muscle groups (Kw ¼ 0.84-0.96). Similarly, intra-rater agreement for the measurement of power was good to very good for all muscle groups (Kw ¼ 0.70-0.96). Although these measures have often been used clinically, the question of reliability has been assumed but not addressed. This issue is important when assessment of power is to be used as an outcome measure following intervention, both clinically and for research. As far as we are aware, this is the first study to demonstrate the reliability of the MRC scale. Our results suggest that it is valid to use this tool clinically or in research. However, it is important to remember that standardized guidelines were used when making these measurements. We believe that development and/or use of standardized guidelines are critical to the reliability of the scale. Previous work on the modified Ashworth scale lacked well defined exclusion criteria, and excluded those patients with cognitive impairment [5] and 'known' spasticity [8] . Our study improved on previous research by including all patients who were able to give consent. Patients were not excluded if they were deemed to have normal muscle tone and/or power. Inter-rater agreement for the measurement of tone in the elbow, wrist and knee flexors was good to very good (Kw ¼ 0.73-0.96). These results agree with those of Sloan et al. [7] . In addition to inter-rater reliability, we have extended the work of Bohannon and Smith [5] by measuring intra-rater agreement. Intra-rater agreement for the measurement of tone in the elbow, wrist and knee flexors was good to very good (Kw ¼ 0.77-0.94).
As with previous work which has shown poor reliability in measuring tone in the leg [7, 9] , the current study demonstrated only moderate inter-rater agreement for the measurement of tone in the ankle plantarflexors (Kw ¼ 0.45-0.51). Intra-rater agreement for the measurement of tone in the ankle plantarflexors was only moderate to good (Kw ¼ 0.59-0.64). This has important implications for clinical and research intervention studies. If a patient is measured, has an intervention and is then re-measured, it is possible that there will be a difference between pre-and postintervention scores purely due to the unreliability of the measurement (as opposed to a real effect of the intervention). This adds further weight to the criticism of studies which have attempted to assign a global spasticity score by combining upper and lower leg measurements [10] . The error of adding together scores from individual joints to give a global score is exacerbated by using items that have been shown to be unreliable.
Even at the level of reducing polychotomous variables to dichotomous variables, measurement of tone at the ankle remained unreliable-i.e. even when values for tone were re-coded to allow comparison of normal tone with abnormal tone at the ankle.
We concede that intra-rater agreement may be overestimated as, in theory, it is possible that a rater could remember their previous rating. However, the number of subjects assessed between the first and second examination of the same patient militates against raters remembering previous ratings. The results suggest that this was not the case as, should raters be able to remember their previous ratings, intra-rater agreement would have been improved across all measures of tone and power. Furthermore, it is likely that this improvement in intra-rater agreement would have been at the expense of inter-rater agreement.
In this study we have shown that it is possible to 
Conclusion
The measurement of tone using the modified Ashworth scale and of power using the MRC scale demonstrates inter-and intra-rater reliability at the elbow, wrist and knee. Measurement of power at the ankle was reliable, but that of tone was not. If reliable measurement of tone at the ankle was required for a specific purpose (e.g. to measure the effect of therapeutic intervention) further work would be necessary.
Key points
• The Medical Research Council scale is reliable for measuring muscle power.
• The modified Ashworth scale is reliable for measuring muscle tone in the elbow, wrist and knee flexors, but not in the ankle plantarflexors.
• If reliable measurement of tone at the ankle was required for a specific purpose (e.g. to measure the effect of therapeutic intervention) further work would be necessary.
